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1.2 Applicability. This method is applica-
ble for the measurement of air-to-fuel ratios
and minimum achievable burn rates, for de-
termining whether a wood-fired appliance is
an affected facility, as specified in 40 CFR
60.530.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary of Method

2.1 A gas sample is extracted from a loca-
tion in the stack of a wood-fired appliance
while the appliance is operating at a pre-
scribed set of conditions. The gas sample is
analyzed for carbon dioxide (CO2), oxygen
(O2), and carbon monoxide (CO). These stack
gas components are measured for deter-
mining the dry molecular weight of the ex-
haust gas. Total moles of exhaust gas are de-
termined stoichiometrically. Air-to-fuel
ratio is determined by relating the mass of
dry combustion air to the mass of dry fuel
consumed.

3.0 Definitions

Same as Method 28, Section 3.0, with the
addition of the following:

3.1 Air-to-fuel ratio means the ratio of the
mass of dry combustion air introduced into
the firebox to the mass of dry fuel consumed
(grams of dry air per gram of dry wood
burned).

4.0 Interferences [Reserved]

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and to determine the
applicability of regulatory limitations prior
to performing this test method.

6.0 Equipment and Supplies

6.1 Test Facility. Insulated Solid Pack
Chimney, Platform Scale and Monitor, Test
Facility Temperature Monitor, Balance,
Moisture Meter, Anemometer, Barometer,
Draft Gauge, Humidity Gauge, Wood Heater
Flue, and Test Facility. Same as Method 28,
Sections 6.1, 6.2, and 6.4 to 6.12, respectively.

6.2 Sampling System. Probe, Condenser,
Valve, Pump, Rate Meter, Flexible Bag,
Pressure Gauge, and Vacuum Gauge. Same
as Method 3, Sections 6.2.1 to 6.2.8, respec-
tively. Alternatively, the sampling system
described in Method 5H, Section 6.1 may be
used.

6.3 Exhaust Gas Analysis. Use one or both
of the following:

6.3.1 Orsat Analyzer. Same as Method 3,
Section 6.1.3

6.3.2 Instrumental Analyzers. Same as
Method 5H, Sections 6.1.3.4 and 6.1.3.5, for
CO2 and CO analyzers, except use a CO ana-
lyzer with a range of 0 to 5 percent and use
a CO2 analyzer with a range of 0 to 5 percent.
Use an O2 analyzer capable of providing a
measure of O2 in the range of 0 to 25 percent
by volume at least once every 10 minutes.

7.0 Reagents and Standards

7.1 Test Fuel and Test Fuel Spacers.
Same as Method 28, Sections 7.1 and 7.2, re-
spectively.

7.2 Cylinder Gases. For each of the three
analyzers, use the same concentration as
specified in Sections 7.2.1, 7.2.2, and 7.2.3 of
Method 6C.

8.0 Sample Collection, Preservation, Storage,
and Transport

8.1 Wood Heater Air Supply Adjustments.
8.1.1 This section describes how dampers

are to be set or adjusted and air inlet ports
closed or sealed during Method 28A tests.
The specifications in this section are in-
tended to ensure that affected facility deter-
minations are made on the facility configu-
rations that could reasonably be expected to
be employed by the user. They are also in-
tended to prevent circumvention of the
standard through the addition of an air port
that would often be blocked off in actual use.
These specifications are based on the as-
sumption that consumers will remove such
items as dampers or other closure mecha-
nism stops if this can be done readily with
household tools; that consumers will block
air inlet passages not visible during normal
operation of the appliance using aluminum
tape or parts generally available at retail
stores; and that consumers will cap off any
threaded or flanged air inlets. They also as-
sume that air leakage around glass doors,
sheet metal joints or through inlet grilles
visible during normal operation of the appli-
ance would not be further blocked or taped
off by a consumer.

8.1.2 It is not the intention of this section
to cause an appliance that is clearly de-
signed, intended, and, in most normal instal-
lations, used as a fireplace to be converted
into a wood heater for purposes of applica-
bility testing. Such a fireplace would be
identifiable by such features as large or mul-
tiple glass doors or panels that are not
gasketed, relatively unrestricted air inlets
intended, in large part, to limit smoking and
fogging of glass surfaces, and other aesthetic
features not normally included in wood heat-
ers.

8.1.3 Adjustable Air Supply Mechanisms.
Any commercially available flue damper,
other adjustment mechanism or other air
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inlet port that is designed, intended or oth-
erwise reasonably expected to be adjusted or
closed by consumers, installers, or dealers
and which could restrict air into the firebox
shall be set so as to achieve minimum air
into the firebox (i.e., closed off or set in the
most closed position).

8.1.3.1 Flue dampers, mechanisms and air
inlet ports which could reasonably be ex-
pected to be adjusted or closed would in-
clude:

8.1.3.1.1 All internal or externally adjust-
able mechanisms (including adjustments
that affect the tightness of door fittings)
that are accessible either before and/or after
installation.

8.1.3.1.2 All mechanisms, other inlet
ports, or inlet port stops that are identified
in the owner’s manual or in any dealer lit-
erature as being adjustable or alterable. For
example, an inlet port that could be used to
provide access to an outside air duct but
which is identified as being closable through
use of additional materials whether or not
they are supplied with the facility.

8.1.3.1.3 Any combustion air inlet port or
commercially available flue damper or
mechanism stop, which would readily lend
itself to closure by consumers who are handy
with household tools by the removal of parts
or the addition of parts generally available
at retail stores (e.g., addition of a pipe cap or
plug, addition of a small metal plate to an
inlet hole on a nondecorative sheet metal
surface, or removal of riveted or screwed
damper stops).

8.1.3.1.4 Any flue damper, other adjust-
ment mechanisms or other air inlet ports
that are found and documented in several
(e.g., a number sufficient to reasonably con-
clude that the practice is not unique or un-
common) actual installations as having been
adjusted to a more closed position, or closed
by consumers, installers, or dealers.

8.1.4 Air Supply Adjustments During Test.
The test shall be performed with all air in-
lets identified under this section in the
closed or most closed position or in the con-
figuration which otherwise achieves the low-
est air inlet (i.e., greatest blockage).

NOTE: For the purposes of this section, air
flow shall not be minimized beyond the point
necessary to maintain combustion or beyond
the point that forces smoke into the room.

8.1.5 Notwithstanding Section 8.1.1, any
flue damper, adjustment mechanism, or air
inlet port (whether or not equipped with flue
dampers or adjusting mechanisms) that is
visible during normal operation of the appli-
ance and which could not reasonably be
closed further or blocked except through
means that would significantly degrade the
aesthetics of the facility (e.g., through use of
duct tape) will not be closed further or
blocked.

8.2 Sampling System.

8.2.1 Sampling Location. Same as Method
5H, Section 8.1.2.

8.2.2 Sampling System Set Up. Set up the
sampling equipment as described in Method
3, Section 8.1.

8.3 Wood Heater Installation, Test Facil-
ity Conditions, Wood Heater Firebox Vol-
ume, and Test Fuel Charge. Same as Method
28, Sections 8.4 and 8.6 to 8.8, respectively.

8.4 Pretest Ignition. Same as Method 28,
Section 8.11. Set the wood heater air supply
settings to achieve a burn rate in Category 1
or the lowest achievable burn rate (see Sec-
tion 8.1).

8.5 Test Run. Same as Method 28, Section
8.12. Begin sample collection at the start of
the test run as defined in Method 28, Section
8.12.1.

8.5.1 Gas Analysis.
8.5.1.1 If Method 3 is used, collect a min-

imum of two bag samples simultaneously at
a constant sampling rate for the duration of
the test run. A minimum sample volume of
30 liters (1.1 ft3) per bag is recommended.

8.5.1.2 If instrumental gas concentration
measurement procedures are used, conduct
the gas measurement system performance
tests, analyzer calibration, and analyzer
calibration error check outlined in Method
6C, Sections 8.2.3, 8.2.4, 8.5, and 10.0, respec-
tively. Sample at a constant rate for the du-
ration of the test run.

8.5.2 Data Recording. Record wood heater
operational data, test facility temperature,
sample train flow rate, and fuel weight data
at intervals of no greater than 10 minutes.

8.5.3 Test Run Completion. Same as Meth-
od 28, Section 8.13.

9.0 Quality Control

9.1 Data Validation. The following quality
control procedure is suggested to provide a
check on the quality of the data.

9.1.1 Calculate a fuel factor, Fo, using
Equation 28A–1 in Section 12.2.

9.1.2 If CO is present in quantities meas-
urable by this method, adjust the O2 and CO2

values before performing the calculation for
Fo as shown in Section 12.3 and 12.4.

9.1.3 Compare the calculated Fo factor
with the expected Fo range for wood (1.000—
1.120). Calculated Fo values beyond this ac-
ceptable range should be investigated before
accepting the test results. For example, the
strength of the solutions in the gas analyzer
and the analyzing technique should be
checked by sampling and analyzing a known
concentration, such as air. If no detectable
or correctable measurement error can be
identified, the test should be repeated. Alter-
natively, determine a range of air-to-fuel
ratio results that could include the correct
value by using an Fo value of 1.05 and calcu-
lating a potential range of CO2 and O2 values.
Acceptance of such results will be based on
whether the calculated range includes the
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exemption limit and the judgment of the Ad-
ministrator.

9.2 Method 3 Analyses. Compare the re-
sults of the analyses of the two bag samples.
If all the gas components (O2, CO, and CO2)
values for the two analyses agree within 0.5
percent (e.g., 6.0 percent O2 for bag 1 and 6.5
percent O2 for bag 2, agree within 0.5 per-
cent), the results of the bag analyses may be
averaged for the calculations in Section 12. If
the analysis results do not agree within 0.5
percent for each component, calculate the
air-to-fuel ratio using both sets of analyses
and report the results.

10.0 Calibration and Standardization,
[Reserved]

11.0 Analytical Procedures

11.1 Method 3 Integrated Bag Samples.
Within 4 hours after the sample collection,
analyze each bag sample for percent CO2, O2,
and CO using an Orsat analyzer as described
in Method 3, Section 11.0.

11.2 Instrumental Analyzers. Average the
percent CO2, CO, and O2 values for the test
run.

12.0 Data Analyses and Calculations

Carry out calculations, retaining at least
one extra significant figure beyond that of
the acquired data. Round off figure after the
final calculation. Other forms of the equa-
tions may be used as long as they give equiv-
alent results.

12.1 Nomenclature.
Md = Dry molecular weight, g/g-mole (lb/lb-

mole).

NT = Total gram-moles of dry exhaust gas
per kg of wood burned (lb-moles/lb).

%CO2 = Percent CO2 by volume (dry basis).
%CO = Percent CO by volume (dry basis).
%N2 = Percent N2 by volume (dry basis).
%O2 = Percent O2 by volume (dry basis).
YHC = Assumed mole fraction of HC (dry as

CH4) = 0.0088 for catalytic wood heaters;
= 0.0132 for noncatalytic wood heaters. =
0.0080 for pellet-fired wood heaters.

YCO = Measured mole fraction of CO (e.g., 1
percent CO = .01 mole fraction), g/g-mole
(lb/lb-mole).

YCO2 = Measured mole fraction of COCO2 (e.g.,
10 percent CO2 = .10 mole fraction), g/g-
mole (lb/lb-mole).

0.280 = Molecular weight of N2 or CO, divided
by 100.

0.320 = Molecular weight of O2 divided by 100.
0.440 = Molecular weight of CO2 divided by

100.
20.9 = Percent O2 by volume in ambient air.
42.5 = Gram-moles of carbon in 1 kg of dry

wood assuming 51 percent carbon by
weight dry basis (.0425 lb/lb-mole).

510 = Grams of carbon in exhaust gas per kg
of wood burned.

1,000 = Grams in 1 kg.

12.2 Fuel Factor. Use Equation 28A–1 to
calculate the fuel factor.

F
O

COo = −20 9 2

2

. %

%
Eq.  28A-1

12. 3 Adjusted %CO2. Use Equation 28A–2
to adjust CO2 values if measurable CO is
present.

% % %CO CO COadj2 2( ) = + Eq.  28A-2

12.4 Adjusted %O2. Use Equation 28A–3 to
adjust O2 value if measurable CO is present.

% % . %O O COadj2 2 0 5( ) = − Eq.  28A-3

12.5 Dry Molecular Weight. Use Equation
28A–4 to calculate the dry molecular weight
of the stack gas.

M CO O N COd = ( ) + ( ) + +( )0 0 320 0 2802 2 2.440 % . % . % % Eq.  28A-4

NOTE: The above equation does not con-
sider argon in air (about 0.9 percent, molec-

ular weight of 39.9). A negative error of
about 0.4 percent is introduced. Argon may
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be included in the analysis using procedures
subject to approval of the Administrator.

12.6 Dry Moles of Exhaust Gas. Use Equa-
tion 28A–5 to calculate the total moles of dry
exhaust gas produced per kilogram of dry
wood burned.

N
Y Y Y

T
CO CO HC

=
+ +( )

42 5

2

.
Eq.  28A-5

12.7 Air-to-Fuel Ratio. Use Equation 28A–
6 to calculate the air-to-fuel ratio on a dry
mass basis.

A F
N MT d/

,
=

×( ) − 510

1 000
Eq.  28A-6

12.8 Burn Rate. Calculate the fuel burn
rate as in Method 28, Section 12.4.

13.0 Method Performance, [Reserved]

14.0 Pollution Prevention, [Reserved]

15.0 Waste Management, [Reserved]

16.0 References

Same as Section 16.0 of Method 3 and Sec-
tion 17 of Method 5G.

17.0 Tables, Diagrams, Flowcharts, and
Validation Data, [Reserved]

METHOD 29—DETERMINATION OF METALS
EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of
the specifications (e.g. equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from
other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 5 and Method 12.

1.0 Scope and Application

1.1 Analytes.

Analyte CAS No.

Antimony (Sb) ................................................ 7440–36–0
Arsenic (As) ................................................... 7440–38–2
Barium (Ba) ................................................... 7440–39–3
Beryllium (Be) ................................................ 7440–41–7
Cadmium (Cd) ............................................... 7440–43–9
Chromium (Cr) ............................................... 7440–47–3
Cobalt (Co) .................................................... 7440–48–4
Copper (Cu) ................................................... 7440–50–8
Lead (Pb) ....................................................... 7439–92–1
Manganese (Mn) ........................................... 7439–96–5
Mercury (Hg) .................................................. 7439–97–6
Nickel (Ni) ...................................................... 7440–02–0
Phosphorus (P) .............................................. 7723–14–0
Selenium (Se) ................................................ 7782–49–2
Silver (Ag) ...................................................... 7440–22–4
Thallium (Tl) ................................................... 7440–28–0

Analyte CAS No.

Zinc (Zn) ........................................................ 7440–66–6

1.2 Applicability. This method is applica-
ble to the determination of metals emissions
from stationary sources. This method may
be used to determine particulate emissions
in addition to the metals emissions if the
prescribed procedures and precautions are
followed.

1.2.1 Hg emissions can be measured, alter-
natively, using EPA Method 101A of Appen-
dix B, 40 CFR Part 61. Method 101-A meas-
ures only Hg but it can be of special interest
to sources which need to measure both Hg
and Mn emissions.

2.0 Summary of Method

2.1 Principle. A stack sample is with-
drawn isokinetically from the source, partic-
ulate emissions are collected in the probe
and on a heated filter, and gaseous emissions
are then collected in an aqueous acidic solu-
tion of hydrogen peroxide (analyzed for all
metals including Hg) and an aqueous acidic
solution of potassium permanganate (ana-
lyzed only for Hg). The recovered samples
are digested, and appropriate fractions are
analyzed for Hg by cold vapor atomic absorp-
tion spectroscopy (CVAAS) and for Sb, As,
Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Ni, P, Se, Ag,
Tl, and Zn by inductively coupled argon plas-
ma emission spectroscopy (ICAP) or atomic
absorption spectroscopy (AAS). Graphite fur-
nace atomic absorption spectroscopy
(GFAAS) is used for analysis of Sb, As, Cd,
Co, Pb, Se, and Tl if these elements require
greater analytical sensitivity than can be
obtained by ICAP. If one so chooses, AAS
may be used for analysis of all listed metals
if the resulting in-stack method detection
limits meet the goal of the testing program.
Similarly, inductively coupled plasma-mass
spectroscopy (ICP-MS) may be used for anal-
ysis of Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn,
Ni, Ag, Tl and Zn.

3.0 Definitions. [Reserved]

4.0 Interferences

4.1 Iron (Fe) can be a spectral interference
during the analysis of As, Cr, and Cd by
ICAP. Aluminum (Al) can be a spectral inter-
ference during the analysis of As and Pb by
ICAP. Generally, these interferences can be
reduced by diluting the analytical sample,
but such dilution raises the in-stack detec-
tion limits. Background and overlap correc-
tions may be used to adjust for spectral
interferences. Refer to Method 6010 of Ref-
erence 2 in Section 16.0 or the other analyt-
ical methods used for details on potential
interferences to this method. For all GFAAS
analyses, use matrix modifiers to limit
interferences, and matrix match all stand-
ards.
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5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and to determine the
applicability of regulatory limitations prior
to performing this test method.

5.2 Corrosive Reagents. The following re-
agents are hazardous. Personal protective
equipment and safe procedures are useful in
preventing chemical splashes. If contact oc-
curs, immediately flush with copious
amounts of water at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burn as ther-
mal burn.

5.2.1 Nitric Acid (HNO3). Highly corrosive
to eyes, skin, nose, and lungs. Vapors cause
bronchitis, pneumonia, or edema of lungs.
Reaction to inhalation may be delayed as
long as 30 hours and still be fatal. Provide
ventilation to limit exposure. Strong oxi-
dizer. Hazardous reaction may occur with or-
ganic materials such as solvents.

5.2.2 Sulfuric Acid (H2SO4). Rapidly de-
structive to body tissue. Will cause third de-
gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 1 mg/
m3 for 8 hours will cause lung damage or, in
higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

5.2.3 Hydrochloric Acid (HC1). Highly cor-
rosive liquid with toxic vapors. Vapors are
highly irritating to eyes, skin, nose, and
lungs, causing severe damage. May cause
bronchitis, pneumonia, or edema of lungs.
Exposure to concentrations of 0.13 to 0.2 per-
cent can be lethal to humans in a few min-
utes. Provide ventilation to limit exposure.
Reacts with metals, producing hydrogen gas.

5.2.4 Hydrofluoric Acid (HF). Highly cor-
rosive to eyes, skin, nose, throat, and lungs.
Reaction to exposure may be delayed by 24
hours or more. Provide ventilation to limit
exposure.

5.2.5 Hydrogen Peroxide (H2O2). Irritating
to eyes, skin, nose, and lungs. 30% H2O2 is a
strong oxidizing agent. Avoid contact with
skin, eyes, and combustible material. Wear
gloves when handling.

5.2.6 Potassium Permanganate (KMnO4).
Caustic, strong oxidizer. Avoid bodily con-
tact with.

5.2.7 Potassium Persulfate. Strong oxi-
dizer. Avoid bodily contact with. Keep con-
tainers well closed and in a cool place.

5.3 Reaction Pressure. Due to the poten-
tial reaction of the potassium permanganate
with the acid, there could be pressure build-
up in the acidic KMnO4 absorbing solution

storage bottle. Therefore these bottles shall
not be fully filled and shall be vented to re-
lieve excess pressure and prevent explosion
potentials. Venting is required, but not in a
manner that will allow contamination of the
solution. A No. 70–72 hole drilled in the con-
tainer cap and Teflon liner has been used.

6.0 Equipment and Supplies

6.1 Sampling. A schematic of the sam-
pling train is shown in Figure 29–1. It has
general similarities to the Method 5 train.

6.1.1 Probe Nozzle (Probe Tip) and
Borosilicate or Quartz Glass Probe Liner.
Same as Method 5, Sections 6.1.1.1 and 6.1.1.2,
except that glass nozzles are required unless
alternate tips are constructed of materials
that are free from contamination and will
not interfere with the sample. If a probe tip
other than glass is used, no correction to the
sample test results to compensate for the
nozzle’s effect on the sample is allowed.
Probe fittings of plastic such as Teflon, poly-
propylene, etc. are recommended instead of
metal fittings to prevent contamination. If
one chooses to do so, a single glass piece con-
sisting of a combined probe tip and probe
liner may be used.

6.1.2 Pitot Tube and Differential Pressure
Gauge. Same as Method 2, Sections 6.1 and
6.2, respectively.

6.1.3 Filter Holder. Glass, same as Method
5, Section 6.1.1.5, except use a Teflon filter
support or other non-metallic, non-contami-
nating support in place of the glass frit.

6.1.4 Filter Heating System. Same as
Method 5, Section 6.1.1.6.

6.1.5 Condenser. Use the following system
for condensing and collecting gaseous metals
and determining the moisture content of the
stack gas. The condensing system shall con-
sist of four to seven impingers connected in
series with leak-free ground glass fittings or
other leak-free, non-contaminating fittings.
Use the first impinger as a moisture trap.
The second impinger (which is the first
HNO3/H2O2 impinger) shall be identical to the
first impinger in Method 5. The third im-
pinger (which is the second HNO3/H2O2 im-
pinger) shall be a Greenburg Smith impinger
with the standard tip as described for the
second impinger in Method 5, Section 6.1.1.8.
The fourth (empty) impinger and the fifth
and sixth (both acidified KMnO4) impingers
are the same as the first impinger in Method
5. Place a temperature sensor capable of
measuring to within 1 °C (2 °F) at the outlet
of the last impinger. If no Hg analysis is
planned, then the fourth, fifth, and sixth
impingers are not used.

6.1.6 Metering System, Barometer, and
Gas Density Determination Equipment.
Same as Method 5, Sections 6.1.1.9, 6.1.2, and
6.1.3, respectively.

6.1.7 Teflon Tape. For capping openings
and sealing connections, if necessary, on the
sampling train.
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6.2 Sample Recovery. Same as Method 5,
Sections 6.2.1 through 6.2.8 (Probe-Liner and
Probe-Nozzle Brushes or Swabs, Wash Bot-
tles, Sample Storage Containers, Petri
Dishes, Glass Graduated Cylinder, Plastic
Storage Containers, Funnel and Rubber Po-
liceman, and Glass Funnel), respectively,
with the following exceptions and additions:

6.2.1 Non-metallic Probe-Liner and Probe-
Nozzle Brushes or Swabs. Use non-metallic
probe-liner and probe-nozzle brushes or
swabs for quantitative recovery of materials
collected in the front-half of the sampling
train.

6.2.2 Sample Storage Containers. Use
glass bottles (see Section 8.1 of this Method)
with Teflon-lined caps that are non-reactive
to the oxidizing solutions, with capacities of
1000- and 500-ml, for storage of acidified
KMnO4—containing samples and blanks.
Glass or polyethylene bottles may be used
for other sample types.

6.2.3 Graduated Cylinder. Glass or equiva-
lent.

6.2.4 Funnel. Glass or equivalent.
6.2.5 Labels. For identifying samples.
6.2.6 Polypropylene Tweezers and/or Plas-

tic Gloves. For recovery of the filter from
the sampling train filter holder.

6.3 Sample Preparation and Analysis.
6.3.1 Volumetric Flasks, 100-ml, 250-ml,

and 1000-ml. For preparation of standards
and sample dilutions.

6.3.2 Graduated Cylinders. For prepara-
tion of reagents.

6.3.3 Parr Bombs or Microwave Pressure
Relief Vessels with Capping Station (CEM
Corporation model or equivalent). For sam-
ple digestion.

6.3.4 Beakers and Watch Glasses. 250-ml
beakers, with watch glass covers, for sample
digestion.

6.3.5 Ring Stands and Clamps. For secur-
ing equipment such as filtration apparatus.

6.3.6 Filter Funnels. For holding filter
paper.

6.3.7 Disposable Pasteur Pipets and Bulbs.
6.3.8 Volumetric Pipets.
6.3.9 Analytical Balance. Accurate to

within 0.1 mg.
6.3.10 Microwave or Conventional Oven.

For heating samples at fixed power levels or
temperatures, respectively.

6.3.11 Hot Plates.
6.3.12 Atomic Absorption Spectrometer

(AAS). Equipped with a background cor-
rector.

6.3.12.1 Graphite Furnace Attachment.
With Sb, As, Cd, Co, Pb, Se, and Tl hollow
cathode lamps (HCLs) or electrodeless dis-
charge lamps (EDLs). Same as Reference 2 in
Section 16.0. Methods 7041 (Sb), 7060 (As), 7131
(Cd), 7201 (Co), 7421 (Pb), 7740 (Se), and 7841
(Tl).

6.3.12.2 Cold Vapor Mercury Attachment.
With a mercury HCL or EDL, an air recir-
culation pump, a quartz cell, an aerator ap-

paratus, and a heat lamp or desiccator tube.
The heat lamp shall be capable of raising the
temperature at the quartz cell by 10 °C above
ambient, so that no condensation forms on
the wall of the quartz cell. Same as Method
7470 in Reference 2 in Section 16.0. See NOTE
2: Section 11.1.3 for other acceptable ap-
proaches for analysis of Hg in which analyt-
ical detection limits of 0.002 ng/ml were ob-
tained.

6.3.13 Inductively Coupled Argon Plasma
Spectrometer. With either a direct or se-
quential reader and an alumina torch. Same
as EPA Method 6010 in Reference 2 in Section
16.0.

6.3.14 Inductively Coupled Plasma-Mass
Spectrometer.

Same as EPA Method 6020 in Reference 2 in
Section 16.0.

7.0 Reagents and Standards

7.1 Unless otherwise indicated, it is in-
tended that all reagents conform to the spec-
ifications established by the Committee on
Analytical Reagents of the American Chem-
ical Society, where such specifications are
available. Otherwise, use the best available
grade.

7.2 Sampling Reagents.
7.2.1 Sample Filters. Without organic

binders. The filters shall contain less than
1.3 µg/in.2 of each of the metals to be meas-
ured. Analytical results provided by filter
manufacturers stating metals content of the
filters are acceptable. However, if no such re-
sults are available, analyze filter blanks for
each target metal prior to emission testing.
Quartz fiber filters meeting these require-
ments are recommended. However, if glass
fiber filters become available which meet
these requirements, they may be used. Filter
efficiencies and unreactiveness to sulfur di-
oxide (SO2) or sulfur trioxide (SO3) shall be
as described in Section 7.1.1 of Method 5.

7.2.2 Water. To conform to ASTM Speci-
fication D1193–77 or 91, Type II (incorporated
by reference—see § 60.17). If necessary, ana-
lyze the water for all target metals prior to
field use. All target metals should be less
than 1 ng/ml.

7.2.3 HNO3, Concentrated. Baker Instra-
analyzed or equivalent.

7.2.4 HCl, Concentrated. Baker Instra-ana-
lyzed or equivalent.

7.2.5 H2O2, 30 Percent (V/V).
7.2.6 KMnO4.
7.2.7 H2SO4, Concentrated.
7.2.8 Silica Gel and Crushed Ice. Same as

Method 5, Sections 7.1.2 and 7.1.4, respec-
tively.

7.3 Pretest Preparation of Sampling Re-
agents.

7.3.1 HNO3/H2O2 Absorbing Solution, 5 Per-
cent HNO3/10 Percent H2O2. Add carefully
with stirring 50 ml of concentrated HNO3 to
a 1000-ml volumetric flask containing ap-
proximately 500 ml of water, and then add
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